In this paper we examine the issues that arise from the annotation of the discourse connectives for the Chinese Discourse Treebank Project. This project is based on the same principles as the PDTB, a project that annotates the English discourse connectives in the Penn Treebank. The paper begins by outlining range of discourse connectives under consideration in this project and examines the distribution of the explicit discourse connectives. We then examine the types of syntactic units that can be arguments to the discourse connectives. We show that one of the most challenging issues in this type of discourse annotation is determining the textual spans of the arguments and this is partly due to the hierarchical nature of discourse relations. Finally, we discuss sense discrimination of the discourse connectives, which involves separating discourse connective from non-discourse connective senses and teasing apart the different discourse connective senses, and discourse connective variation, the use of different connectives to represent the same discourse relation. *
Introduction
The goal of the Chinese Discourse Treebank (CDTB) Project is to add a layer of discourse annotation to the Penn Chinese Treebank (Xue et al., To appear) , the bulk of which has also been annotated with predicate-argument structures. This project is focused on discourse connectives, which include explicit connectives such as subordinate and coordinate conjunctions, discourse adverbials, as well as implicit discourse connectives that are inferable from neighboring sentences. Like the Penn English Discourse Treebank (Miltsakaki et al., 2004a; Miltsakaki et al., 2004b) , the CDTB project adopts the general idea presented in (Webber and Joshi, 1998; Webber et al., 1999; Webber et al., 2003) where discourse connectives are considered to be predicates that take abstract objects such as propositions, events and situations as their arguments. This approach departs from the previous approaches to discourse analysis such as the Rhetorical Structure Theory (Mann and Thompson, 1988; Carlson et al., 2003) in that it does not start from a predefined inventory of abstract discourse relations. Instead, all discourse relations are lexically grounded and anchored by a discourse connective. The discourse relations so defined can be structural or anaphoric. Structural discourse relations, generally anchored by subordinate and coordinate conjunctions, hold locally between two adjacent units of discourse (such as clauses). In contrast, anaphoric discourse relations are generally anchored by discourse adverbials and only one argument can be identified structurally in the local context while the other can only be de-rived anaphorically in the previous discourse. An advantage of this approach to discourse analysis is that discourse relations can be built up incrementally in a bottom-up manner and this advantage is magnified in large-scale annotation projects where interannotator agreement is crucial and has been verified in the construction of the Penn English Discourse Treebank (Miltsakaki et al., 2004a) . This approach closely parallels the annotation of the the verbs in the English and Chinese Propbanks (Palmer et al., 2005; Xue and Palmer, 2003) , where verbs are the anchors of predicate-argument structures. The difference is that the extents of the arguments to discourse connectives are far less certain, while the arity of the predcates is fixed for the discourse connectives.
This paper outlines the issues that arise from the annotation of Chinese discourse connectives, with an initial focus on explicit discourse connectives. Section 2 gives an overview of the different kinds of discourse connectives that we plan to annotate for the CDTB Project. Section 3 surveys the distribution of the discourse connectives and Section 4 describes the kinds of discourse units that can be arguments to the discourse connectives. Section 5 specifies the scope of the arguments of discourse relations and describes what should be included in or excluded from the text span of the arguments. Sections 6 and 7 describes the need for a mechanism to address sense disambiguation and discourse connective variation, drawing evidence from examples of explicit discourse connectives. Finally, Section 8 concludes this paper.
Overview of Chinese Discourse Connectives
With our theoretical disposition, a discourse connective is viewed as a predicate taking two abstract objects such as propositions, events, or situations as its arguments. A discourse connective can be either explicit or implicit. An explicit discourse connective is realized in the form of one lexical item or several lexical items while an implicit discourse connective must be inferred between adjacent discourse units. Typical explicit discourse connectives are subordinate and coordinate conjunctions as well as discourse adverbials. While the arguments for subordinate and coordinate conjunctions are generally local, the first argument for a discourse adverbial may need to be identified long-distance in the previous discourse. Modified discourse connectives: Like English, some subordinate conjunctions can be modified by an adverb, as illustrated in (3). Note that the subordinate conjunction is in clause-medial position. When this happens, the first argument, ARG1 in this case, becomes discontinuous. Both portions of the argument, the one that comes before the subordinate conjunction and the one after, are considered to be part of the same argument. (3) "It is because its operations are standardized that the first purchase service center for medical institutions in China opened in the new district of Pudong in the beginning of last year has not found a single case of kickback after it has traded 100 million yuan worth of medicine in its operation till now."
Subordinate conjunctions

Conjoined discourse connectives:
The subordinate conjunctions can be conjoined in Chinese so that there are two subordinate clauses each having one instance of the same subordinate conjunction. In this case, there is still one discourse relation, but ARG1 is the conjunction of the two subordinate clauses. This is in contrast with English, where only one subordinate conjunction is possible and ARG1 is linked with a coordinate conjunction, as illustrated in the English translation. (4) "Although Huang Chunming has not published a novel series for over ten years, and it spans over thirty seven years from 'City Boys Missed Bus' to 'Ticket Box', surprisingly some things in Huang Chunming's literary themes have never changed."
Coordinate conjunctions
The second type of explicit discourse connectives we annotate are coordinate discourse conjunctions. The arguments of coordinate conjunctions are annotated in the order in which they appear. The argument that appears first is labeled ARG1 and the argument that appears next is marked ARG2. The coordinate conjunctions themselves, like subordinate conjunctions, are excluded from the arguments. "The difficulty of being modern parents lies in the fact they can not get rid of the traditional values flowing in their blood, and they also need to face new values."
Adverbial connectives
The third type of explicit discourse connectives we annotate are discourse adverbials. A discourse adverbial differs from other adverbs in that they require an antecedent that is a proposition or a set of related propositions. Generally, the second argument is adjacent to the discourse adverbial while the first argument may be long-distance. By convention, the second argument that is adjacent to the discourse connective is labeled ARG2 and the other argument is marked as ARG1. Note that in (7b) that first argument is not adjacent to the discourse adverbial. "In the foreign enterprises that China approved of, industry projects accounts for seventy percent of them. Among them processing projects are excessively high. This is consistent with the current state of affairs in China where the training and cost of the labor force is low. Therefore they absorbed a large portion of the labor force."
Implicit discourse connectives
In addition to the explicit discourse connectives, there are also implicit discourse connectives that must be inferred from adjacent propositions. The arguments for implicit discourse connectives are marked in the order in which they occur, with the argument that occurs first marked as ARG1 and the other argument marked as ARG2. By convention a punctuation mark is reserved as the place-holder for the discourse connective. Where possible, the annotator is asked to provide an explicit discourse connective to characterize the type of discourse relation. In (8), for example, a coordinate conjunction "while" can be used in the place of the implicit discourse connective. 3 Where are the discourse connectives?
In Chinese, discourse connectives are generally clause-initial or clause-medial, although localizers are clause-final and can be used as discourse connective by themselves or together with a preposition. Subordinate conjunctions, coordinate conjunctions and discourse adverbial can all occur in clauseinitial as well as clause-medial positions. The distribution of the discourse connectives is not uniform, and varies from discourse connective to discourse connective. Some discourse connectives alternate between clause-initial and clause-medial positions. The examples in (9) show that "even though", which forms a paired connective with "but", occurs in both clause-initial (9a) and clause-medial (9b) positions. (9) "Looking ahead at the Year of Tiger, even though China's economic train will have its ups and downs, as long as the adjusting measures are timely and proper, we believe that it will advance steadily along the expected track."
Localizers are a class of words that occur after clauses or noun phrases to denote temporal or spatial discourse relations. They can introduce a subordinate clause by themselves or together with a preposition. While the preposition is optional, the localizer is not. When both the preposition and the localizer occur, they form a paired discourse connective anchoring a discourse relation. Example (10) shows the preposition and the localizer form a paired discourse connective equivalent to the English subordinate conjunction "when".
(10) ] " "A few days ago, when this reporter exclusively interviewed Wei Genshen, head of the EU Europe Commission delegation to China, and asked him to comment on the accomplishment of the cooperation between the two sides in the past year, without any hesitation he said: 'There was significant progress in the political relations, trade relations, and the cooperation in trade, etc. between EU and China.' "
What counts as an argument?
This section examines the syntactic composition of arguments to discourse connectives in Chinese. Arguments of discourse relations are propositional situations such as events, states, or properties. As such an argument of a discourse relation can be realized as a clause or multiple clauses, a sentence or multiple sentences. Typically, a subordinate conjunction introduces clauses that are arguments in a discourse relation. Discourse adverbials and coordinate conjunctions, however, can take one or more sentences to be their arguments. The examples in (11) shows that arguments to discourse connectives can be a single clause (11a), multiple clauses (11b), a single sentence (11c) and multiple sentences (11d) respectively. "Even though the number of projects that use foreign investment that China approved of and contractual foreign investment both decreased compared with the same period last year, the foreign investment that has actually been used increased 27.01 percent." 
Argument Scope
Determining the scope of an argument to a discourse connective has proved to be the most challenging part of the discourse annotation. A lot of the effort goes into deciding when certain text units should be included in or excluded from the argument of a discourse connective. Under our annotation scheme, the prepositional phrases, which generally precede the subject in a Chinese clause, are included in the argument of a discourse connective, as illustrated in (12a). The material in the main clause that embeds a discourse relation, however, are excluded, as in (12b). (12) A lot of the challenge in determining the scope of an argument stems from the fact that discourse structures are recursive. As such identifying the scope of an argument is effectively determining how the discourse relations are hierarchically organized. This is illustrated in (13), where the discourse relation anchored by the coordinate conjunction "but" is embedded within the discourse relation anchored by the subordinate conjunction "if". The ambiguity is whether the conditional clause introduced by " " has scope over one or two of the clauses coordinated by "but". "The report believes that if the economic and financial policies are effective, the economy of Asia is expected to recover, but there will not be a V-shaped high-speed recovery like the one after the financial crisis of Mexico and Argentina in 1994 and 1995." Given our bottom-up approach in which discourse connectives anchor binary discourse relations, we do not explicitly annotate hierarchical structures between the arguments. However, such discourse relations can be deduced when some discourse relations are recursively embedded within another as arguments to another discourse connective. "Although the mainland policy is vulnerable to criticism, it is the basis of all policies and no candidate afford to ignore it."
Conclusion
We examined the range of discourse connective we plan to annotate for the Chinese Discourse Treebank project. We have shown that while arguments to subordinate and coordinate conjunctions can be identified locally, arguments to discourse adverbials may be long-distance. We also examined the distribution of the discourse connectives in Chinese and the syntactic composition and the scope of the arguments in discourse relations. We have shown the most challenging issue in discourse annotation is determining the text span of a discourse argument and this is partly due to the hierarchical nature of discourse structures. We have discussed the need to address sense disambiguation and discourse connective variation in our annotation of Chinese discourse connectives.
